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Competitive  Radiative  Decay  and  Metal-Metal  Bond  Cleavage  from  the  Lowest 
Excited  State  of  Triphenyltin-  and  Triphenylqermanium-tricarbonyl  (1 ,10- 
phenanthrol  ine)rhenium  - 

* 

John  C.  Luong,  Robert  A.  Faltynek,  and  Mark  S.  Wriqhton 

Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  "02139 
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Abstract:  The  complexes:  Ph.jERe(CO).j(l  ,10-phenanthrol ine)  (E  = Sn,  Ge) 

exhibit  optical  emission  (~75o  nm)  from  the  lowest  excited  state  in 
CHgCl ^/CCl 4 solutions  at  298°K  and  also  give  E-Re  bond  cleavage  (4>  = 0.25) 
upon  photoexcitation  under  the  same  conditions.  Both  the  relative  emission 
quantum  yield  and  the  reaction  quantum  yield  for  Cl Re(C0)3(  1 ,10-phenanthrol ine) 
formation  are  Independent  of  excitation  wavelength  consistent  with  reaction 
and  emission  originating  from  the  lowest  excited  state.  The  emission  is  not 
quenched  by  CCl^  In  benzene  solution,  ruling  out  excited  state,  bimolecular, 
electron  transfer  to  CC1 4 as  the  reaction  mechanism.  Rather,  the  mechanism 
Is  likely  slow  (-10^  sec"^)  E-Re  dissociation.  This  notion  is  in  accord  with 
a lowest  excited  state  which  Is  (E-Reja^  -*•  0 ,10-phenanthrol ine^  tt*CT  in 
character. 
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Competitive  Radiative  Decay  and  Metal -Metal  Bond  Cleavage  from  the  Lowest 
Excited  State  of  Triphenyltin-  and  Triphenylqermanium-tricarbonyl 
phenanthrol ine)rhenium  I 

Sir: 

The  rate  constants  associated  with  dissociative  excited  state  processes 
in  organometallic  complexes  have  generally  not  been  evaluated,  despite  the 
need  for  such  measurements  in  directly  assessing  excited  state  reactivity. 
There  are  now  a number  of  reports  of  bimolecular  excited  state  reaction 
rate  constants  for  electron  and  energy  transfer.^  In  this  communication 
we  report  the  synthesis  and  electronic  spectral  and  photochemical  character- 
ization of  a set  of  complexes  Ph^ERefCO^L  (e  = Ge,  Sn;  L = 1,10- 
phenanthroline,  2,2'-bipyridine  ) where  it  is  possible  to  evaluate  ssoc 
associated  with  the  excited  state  dissociation  (1).  This  represents  the 
first  such  determination  for  any  metal  carbonyl  complex,  and  in  particular, 

[E-  Re]*  5S0C‘,  E-  + Re-  (1) 

these  results  bear  significantly  on  the  now  well-studied  metal -metal 
bonded  complexes.®"^ 

Spectral  properties  for  complexes  studied  are  given  in  the  Table;  they 
are  prepared  by  slow  addition  of  a THF  solution  of  Ph^ECl  reaction  to  a THF 
solution  of  the  appropriate  [RefCO^L]"  under  Ar.  [RetXJ^L]"  is  prepared  by  the 
IX  Na/Hg  reductionof  Cl  Re  (COJ^L  in  THF  solvent.  The  highly  colored  E-Re 
bonded  complexes  are  formed  In  good  yield  (^50X)  and  can  be  purified  by 
precipitation  from  concentrated  C^Clg  solution  by  addition  of  isooctane. 

The  complexes  which  have  received  detailed  study  to  date  are  for  E B Ge 
and  Sn  and  L ■ 1 ,10-phenanthroline  and  these  two  substances  have  satisfactory 
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elemental  analyses  (Alfred  Bernhardt,  West  Germany).  Anal.  (C33H23N2°3ReSn^ ; 

Calcd  (Found)  % C = 49.52  (49.34);  XH  = 2.90  (2.92);  XN  =3.50  (3.26);(C33~ 

H23N203ReGe)  XC  = 52.54  (52.66);  XH  = 3.07  (3.12);  XN  = 3.71  (3.84). 

The  uv-vis  absorption  spectra  of  the  complexes  Figure  1 and  Table  are 

- ] 
similar  to  those  previously  found®**  for  (0C)5Re-Re(CO)3L,  except  for  the 

differences  in  the  energetic  position  of  the  bands.  We 

attribute  the  first  absorption  band  to  a metal -metal  to  Lit*  CT  transition  i 

as  in  the  previously  studied  Re-Re  system.  As  usual?*’ ®d^6‘*®  for  such  metal  carbonyl 
complexes  the  CT  absorption  depends  markedly  on  the  solvent;  for  example 

j 

the  first  absorption  maximum  is  at  M40  nm  in  CH3CN  and  M70  nm  in  benzene. 

Ph3ERe(C0)g  complexes  absorb  only  at  wavelengths <350  nm,  ruling  out  a 

* * * » 
°b  ° transiti°n  the  visible;  -*■  a transitions  are  generally 

8 

not  too  solvent  sensitive.  The  2,2'-biquinoline  complex  has  been  prepared 

and  compared  to  the  others,  and  the  first  band  is  at  substantially  lower  energy 

In  accord  with  the  (E-Re)ab  -*■  Ln*CT  assignment.6*5’®**  . ' 

What  is  novel  is  that  some  of  the  Ph3ERe(C0)3L  complexes  exhibit  detect-  I 

able  emission  upon  photoexcitation  in  fluid  solution  at  25°. 

Figure  1.  The  emission  yield  is  fairly  low  ($^10  ) and  the  complexes  are 
very  photosensitive  ($>  = 0.25)  and  the  excitation  spectrum  for  wavelengths 

t 

longer  than  300  nm  shows  that  the  emission  efficiency  iswavelength  independent.  The  emission 
lifetime  In  degassed  0.5M  CC1 ^/CH2C1 2 solution  is  2.6  psec  and  1.8  psec  for 
Ph3GeRe(C0)3(l ,10-phenanthrol ine)  and  Ph3SnRe(C0)3(l ,10-phenanthroline) , 
respectively,  at  25°. 
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Photoexcitation  of  the  complexes  in  degassed  CH2C1 2/CCl ^ solutions  also 
results  in  photoreaction.  ClRe(.C0)3L  is  formed  quantitatively  chemically, 
and  the  reaction  quantum  yields  for  Ph3GeRe(C0)3Q ,10-phenanthrol ine)  and 
Ph3SnRe(C0)3(l ,10-phenanthrol ine)  are  independent  of  the  excitation  wave- 
length, Table.  Thus,  it  appears  that  reaction  and  emission  are  detectable 
from  the  same  lowest  excited  state.  Consistently,  the  emission  and  reaction 

are  quenched  by  the  triplet  quencher  anthracene  (Ey  = 42  kcal/mol  ).  The 

1 9 

quenching  obeys  Stern-Volmer  kinetics  and  the  Stern-Volmer  constant  obtained 
is  the  same  for  emission,  lifetime,  and  reaction  quenching,  Figure  2.  This 
confirms  that  chemistry  and  emission  result  from  the  same  excited  state.  The 
fate  of  the  Ge-  or  Sn-centered  fragments  has  not  been  quantitatively 
determined,  but  E-Cl  bonded  compounds  have  been  identified  as  products 
upon  irradiation  in  the  chlorocarbon  solutions. 

Importantly,  it  appears  that  the  reaction  of  the  excited  state  is  of  the 
dissociative  type  and  is  not  one  where  the  excited  state  reacts  bimolecularly 
with  the  chlorocarbon.  The  evidence  for  this  is  twofold.  First,  the 
complexes  emit  in  benzene  solution  but  concentrations  of  CCl^  up  to  1M  do  not 
quench  the  emission,  while  irradiation  in  the  presence  of  even  Q.1M  CCl^  gives 
clean  generation  of  ClRe(C0)3L.  Second,  irradiation  of  the  reactive  complexes 
In  THF  and  other  solvents  yields  efficient  conversion  to  as  yet  unidentified 
products  which  do  not  have  an  E-Re  bond  as  evidenced  ly  bleaching  of  the  low  energy  visible 
spectrum.  The  disappearance  quantum  yidds  are  similar  to  those  found  ti  the  presence  of  CC14. 

Knowing  the  reaction  quantum  yield  and  the  emission  lifetime  under  the 
reaction  conditions  allows  the  evaluation  of  the  rate  constant  (k*d.|ssoc)  for 
conversion  of  the  excited  state  to  product.  For  the  Ge  and  Sn  complexes  studied 
here  the  values  of  k*djssoc  are  l,0xl05  and  1 . 3x1 05  sec-1,  respectively.20 
Assuming  that  the  excited  state  does  not  relax  to  a lower  state  which  reacts  very 
rapidly,  these  can  be  regarded  as  being  associated  with  excited  state  dissociation 
of  the  E-Re  bond,  eq.  (1),  The  excited  state  rate  of  E-Re  bond  cleavage  Is 
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very  conservatively  10^  times  the  ground  state  rate  constant,  since  there  is 

no  detectable  dark  reaction  over  observation  times  of  -two  weeks  under  conditions 

5 -1 

where  the  excited  state  rate  constant  is  -10  sec  . Such  tremendous  enhancement 
in  reaction  rate  constants  is  probably  common  upon  excitation  of  organometallics, 
but  rarely  have  we  had  the  opportunity  to  measure  the  excited  state  reaction 
rates.  The  (E-Re)ob  -*•  Ltt*CT  transition  only  reduces  the  a bond  order  by 
one-half,  in  contrast  to  the  situation  in  [^(CO)^  and  related  complexes 

O 

where  the  ob->-o*  can  reduce  the  Mn-Mn  bond  order  to  zero.  The  k*dissoc 

values  that  we  have  measured  are  actually  quite  modest,  but  it  is  very  likely 

that  the  k*..  „„„  for  o.->  a*  type  excited  states  would  be  several  orders  of 
dissoc.  b J 

21 

magnitude  higher  than  for  the  (E-Re)ob  + Lir*CT  excited  states  studied  here. 
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Fiqure  1.  Absorption  and  emission  of  Ph3GeRe(C0)3(l ,10-phenanthrol ine) . 

The  emission  spectra  are  corrected  for  variation  in  detector  sensitivity 
and  are  excited  at  480  nm.  The  sensitivity  for  the  298  and  77°K  emission 
is  not  the  same,  and  the  absorption  spectral  change  from  298  to  77°K  is 
not  corrected  for  solvent  contraction. 

Figure  2.  Stern-Volmer  plots  for  anthracene  quenching  of  emission  intensity 

_3 

(o),  emission  lifetime  (•)  and  reaction  quantum  yield  (A)  for  2 x 10  H 
Ph3GeRe(C0)3(l  ,10-phenanthrol  ine)  at  298°K  in  a degassed  C^Clg  solution  of 
0.5  M CC14. 
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